Causal relation between regions I and IV of the Kruskal extension by Qin, Y P





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Now we consider the extension of the exterior Schwarzschild spacetime in two opposite direc-
tions.
We notice from the transformation (2) that when  = =2 and  = 0;  then
y = z = 0 and x = r (r > 2M ); (5)
where x = +r corresponds to  = 0 and x =  r corresponds to  = . That is, while x > 0
corresponds to one direction, x < 0 corresponds to the opposite one. In this situation, from (3)




















 f(t; x; y; z)j1 > t >  1;1 > x > 2M; y = 0; z = 0g is a portion of the exterior
Schwarzschild spacetime in one direction and ex
 
 f(t; x; y; z)j1> t >  1; 2M > x >  1; y =




























































8(t; x; y; z) 2 ex
 
; (8)




















































The above transformation, denoted f
x



































, then the map will no longer be 1-1 (even though the metric form of (9) is maintained).



















f(T;X; y; z)j1 > T >  1;1 > X >  1; y = 0; z = 0g which is an R
2
space. The new extension
is 2-dimensional and has the same T   X spacetime diagram as has the conventional Kruskal
extension. (Note that, here jxj = r according to (4) and (5).) However, for the new extension,




) corresponds to a portion of the exterior Schwarzschild
spacetime in one direction, ex
+




) corresponds to none other than a portion in
the opposite direction, ex
 
.
This result led us further to consider the extension of the exterior Schwarzschild spacetime in
an equatorial plane.





























































 f(t; r; ; )j1 > t >  1;1 > r > 2M;  =

2







































 f(T;R; ; )j1 > T >  1;1 > R > 0;  =

2





The above transformation, denoted f
r



















with two head-to-head opposite
hollow cones extending to innity.













> 0 (they correspond to r > 0 and r > 2M respectively). In
this extension we nd that a black hole is inside one of the two cones and a white hole is inside
the other cone. This extension is 3-dimensional and can be realized by rotating the conventional
Kruskal extension around its T axis.
With the same method, the whole exterior Schwarzschild spacetime (in all directions) can be




























8(t; r; ; ) 2 er; (16)



































(r > 2M ); (18)
and
e
















































(r > 0); (20)
and
e





This extension is 4-dimensional, and contains the extension of the equatorial plane as a 3-
dimensional section, and the conventional extension as a 2-dimensional section. From the point
of view of the 4-dimensional extension, region IV of the conventional extension does not belong
4
to a dierent universe but is a portion of the same exterior Schwarzschild spacetime that contains
region I. Particles can move from one to the other. For example, the world line of a particle in a
circular orbit outside the Schwarzschild black hole (with r = constant > 2M ) can be a line around
the T axis and towards the direction of T from region I (where  =

2




; 0 <  < ) to region IV (where  =

2
;  = ), shown in the spacetime diagram of the
3-dimensional head-to-head double-cone extension.
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